Of all serological tests enzyme-linked immunosorbent assay (ELISA) is still considered the gold standard for the detection of antigens and antibodies of either macro or micro-organisms worldwide. The ELISA kits for serum antibody detection against many viruses and other micro-organisms of both man and animals are available in the market. Whereas, antigen detection ELISA kits for Newcastle disease virus (NDV) is not yet available in Bangladesh. The Present study was designed for the development of an economically feasible In-house Sandwich ELISA and to test its sensitivity and specificity for the detection of NDV antigens from clinically suspected field samples. 96-well flat bottom polystyrene plates coated with hyperimmune polyclonal serum against NDV raised in rabbits was used to capture NDV antigens. The anti-rabbit IgG and DAB with 30% H2O2 were used as conjugate and substrate respectively for standardization of the test method. The plate coated with serum diluted 10 -3 was found suitable for capturing maximum antigen of NDV by the In-house Sandwich ELISA. The cut-off value of the present ELISA test was calculated as 0.855 and was able to capture the viral antigen present in the 10 -4 fold dilution of allantoic fluid (AF) which is equivalent to 1HA unit, indicating the highest degree of sensitivity of the newly developed ELISA. In case of field samples, the newly developed ELISA kit was able to detect 100% viral antigens of NDV present in the feces, 95.50% of the brain tissue and oro-nasal swab and 94.12% of colon swab samples of either naturally and experimentally infected birds in this study. The ND virus specific polyclonal antibody used in the kit bind only with ND virus without any cross reactive antigens of other viruses of chicken like Avian influenza virus (AIV) and Infectious bursal disease viruses (IBDV). Therefore, findings of the present study clearly indicates that the newly developed In-house Sandwich ELISA kit can be used for rapid confirmatory diagnosis of Newcastle disease (ND) with minimum cost, using any kind of field samples from either sick or dead birds.
Introduction
Newcastle disease (ND) is a deadly viral disease of poultry all over the world since the time of first isolation in England in 1926 to today. This disease is caused by a single-stranded, enveloped, non-segmented, negative-sense RNA virus belonging to the genus Avulavirus of the sub-family Paramyxovirinae and family Paramyxoviridae under the order Mononegavirales (Barbezange and Jestin, 2005; Mayo, 2002) . Depending on pathogenicity, NDV has been distinguished into five pathotypes; viscerotropic velogenic, neurotropic velogenic, mesogenic, lentogenic, and asymptomatic viruses (Alexander, 1997; Westbury, 1984) . In Bangladesh, frequent outbreaks of ND is mostly due to velogenic strain of NDV . The members of lentogenic strains of NDV are B1, LaSota, and F (Hitchner and Johnson, 1948; Winterfield et al., 1957) .
ND is considered as one of the major threats to the poultry industry in Bangladesh because of its high morbidity, mortality
To cite this article: Kamal MM, MM Ali, ME Haque, MMI Chowdhury, MA Haque, A Aktar, MJ Ara, ME Haque and MM Islam, 2012. Sensitivity and specificity of an in-house sandwich ELISA kit for Newcastle disease virus antigen detection. Microbes Health, 1(2): 65-71. and reduced productivity of eggs this results in remarkable economic losses every year since first isolation and identification of the virus in 1978 in Bangladesh by . According to , ND alone is responsible for at least 40-60% mortality of the total population of poultry in Bangladesh.
Most farmers of Bangladesh confuse ND with other infectious diseases of poultry during endemic and epidemic outbreaks like Avian influenza (AI), Infectious bursal disease (IBD), Infectious bronchitis (IB), and Infectious laryngotracheitis (ILT) due to lack of rapid and confirmatory diagnostic facilities. Traditionally, the methods of diagnosis of ND practiced at the field level of Bangladesh are very much limited. Recording of the clinical signs and post-mortem findings manifested by the affected birds being the only method. Recently serology based diagnostic methods like the haemagglutination inhibition test (HIT) (Miers et al., 1983) , virus neutralization test (VNT) (Beard et al., 1980) , fluorescent antibody technique (FAT), plaque reduction neutralization test (PRNT) (Offit et al. 1983) , agar gel immunodiffusion test (AGIDT) (Tsai and Lee, 2006, Gelf and Cianci, 1987) and virus isolation have been introduced in the field of diagnosis all over the world. Although very few of the above mentioned methods are being practiced in the field for diagnosis of ND in this country, they are not so popular because of low reliability, authenticity and the difficulty to perform due to high consumption of media, reagents, chemicals and time. Several molecular techniques like polymerase chain reaction (PCR), reverse transcriptase polymerase chain reaction (RT-PCR), multiplex reverse transcriptase polymerase chain reaction (MRT-PCR) are available for rapid diagnosis of ND using samples collected directly from field cases. But these are expensive and require valuable equipment and skilled personnel to perform to develop a kit like sandwich ELISA for the detection of viral antigen, it is also a prerequisite to have purified virus particles. Because, purified virus has the ability to produce type specific antibody against specific viral antigen such as the HN, NA, F and M protein of NDV, AIV, IBDV respectively. The sandwich ELISA is relatively easy to perform following simple dilution, incubation and washing protocols. There is no need for secondary reactions like complement fixation and the result can be read visually on the basis of color change due to interaction between the enzyme and substrate with the ELISA reader. This assay is rapid, easy and its reagents are safe and relatively inexpensive with long shelf-life and able to detect a very low concentration of antigen (NDV). It can also be performed within 4-5 hours. It had been shown to be more sensitive than haemagglutination, haemagglutination inhibition, complement fixation, plaque reduction, virus neutralization and other serological tests (Nazerian et al., 1990) . Commercial sandwich ELISA kits are available in many laboratories to determine the level of serum antibody not the viral antigens of NDV. Therefore, keeping the above points in view, the present study was undertaken to develop a reliable, rapid and cost effective serological tool for the detection of ND viral antigen directly from field samples and to evaluate its sensitivity and specificity to avoid confusion with other deadly diseases (ND/AI/IBD) of poultry in the commercial and breeder flock of either layer or broiler farms in Bangladesh.
Materials and Methods
Reference NDV Previously characterized velogenic strain of NDV was obtained from the repository of the Dept. of Microbiology and Hygiene, BAU, Mymensingh and used for large scale production of purified antigens for preparation of hyper immune serum in rabbits.
Embryonated eggs
Sero-negative eggs from 65 week old parent stock of broiler (Cob 500) chickens were used for the propagation the velogenic NDV.
Carrier adjuvant
Freund's complete adjuvant (Sigma, USA) was used to bind the inactivated purified antigen of NDV for the production of hyper immune serum (polyclonal antibody) in rabbits.
96-well Microplate
Flat bottomed polystyrene 96-well plate was used to coat each well of the plate with primary antibody (anti-NDV) raised in the rabbit.
Rabbits
American white male, young (4 months old) and healthy rabbits were used for the production of hyperimmune serum against NDV.
Anti-Rabbit IgG
Horse radish conjugated commercial anti-rabbit IgG was used as a source of conjugate (Sigma, USA). Substrates 3,3'-Diaminobenzidine (DAB) with 30% H2O2 was used as a source of substrate ELISA Reader ELISA reader (Thermo ELECTRON CORPORATION, ORIGINAL MULTISKAN EX, Japan) at 405 nm filter Important reagents and chemicals 6% PEG-6000, 2.2% Sodiun chloride, Sucrose density gradient solution used for the purification of NDV and Dulbacco's Phosphate buffer solution (dPBS), 1N ( H2SO4), 0.5% PBST20 (PBS with Tween20) and coating buffer ( Na2CO3 2.795 gms, NaHCO3 3.465 gms , NaN3 1.1 gms and 500 ml DW) used for ELISA
Purification of reference ND viruses
The velogenic starin of NDV was obtained from the repository of the Dept. of Microbiology and Hygiene, BAU, Mymensingh and inoculated into 10 day-old embryonated eggs through the allantoic cavity route of inoculation and incubated at 37 o C until death of the embryos. The allantoic fluid (AF) from dead embryos was harvested and the presence of NDV was confirmed by slide HA test. The virus particles were separated from non viral elements present in the AF by high speed centrifugation at 5,000 rpm for 30 minutes at 4 o C. The pellet was discarded and the clear supernatant was collected and treated with PEG-6000 (6.6%) and NaCl (2.2%) and the AF was allowed to stir overnight at 4 o C in the refrigerator. The PEG treated virus was further concentrated by high speed centrifugation at 12,000 rpm for 1 hour maintaining an internal temperature 4 o C. The supernatant was discarded and the pellet was resuspended with 1 X dPBS. A column of gradient solution was prepared using different concentrations of sucrose solution in dPBS (50%-15%). The PEG treated crude concentrated virus was overlayed on the top layer (15%) of the column containing different concentration of sucrose and was centrifuged at 16,000 rpm for 2 hours. Each band of virus particles which appeared between the columns was collected in glass test tubes using a manual fraction collector. More than one glass tube containing viruses of similar size and concentration were pooled, and the sucrose solution was diluted with dPBS. To settle the virus particles from the sucrose solution by centrifugation at 16,000 rpm for 2 hours at 4 o C. The purified and concentrated viral pellet was resuspended with dPBS and the presence of NDV was reconfirmed by slide HA test. The purified and concentrated virus was collected in cryo-vials and stored at -86 o C until used for vaccination of rabbits and chickens to prepare hyperimmune sera as a source of coating antibody and secondary binding antibody respectively against NDV to develop an Inhouse sandwich ELISA kit.
Adjuvanted vaccine preparation with NDV
The purified and concentrated NDV was inactivated with 0.1% formaldehyde and the inactivated virus particles were mixed at a ratio of 1:1 with the carrier adjuvant (Freund's complete adjuvant) for the preparation of vaccine.
Production of hyperimmune serum
The vaccine prepared with the purified inactivated NDV was inoculated into rabbits at day 0, 14 and 28 for the production of hyperimmune serum. At 7 days of post vaccination blood samples from rabbits were collected for the preparation of hyperimmune serum. Antibody levels of each serum were screened by HI and AGID tests.
Coating of 96-well flat-bottomed microtitre plate with hyperimmune serum
The prepared hyperimmune serum (raised in rabbits) was diluted at 10 Finally 100 µl of substrate solution (DAB) was added to each well of the ELISA plate. The plate was incubated for 30 minutes at room temperature. After the establishment of positive reaction between substrate and conjugate, an orange colour developed and the reaction was stopped by adding 100 µl of stop solution with 1N H2SO4 to each well of the ELISA plate. The intensity of color development was measured by determination of the OD (optical density) value using an ELISA reader (Thermo ELECTRON CORPORATION, ORIGINAL MULTISKAN EX, and Japan) at 405 nm filter.
Specificity test of the newly developed In-house sandwich ELISA kit
The specificity test of the newly developed In-house sandwich ELISA kit was performed using two known viruses NDV and IBDV. Samples were diluted 10 Hyperimmune serum was removed and the plate was washed 5 times with washing buffer (PBST20). A 100 µl conjugate solution was added to each well of the ELISA plate. The plate was incubated again for 1 hour at 37 o C. The conjugate solution was removed and the plate was washed 5 times with washing buffer (PBST20). Finally, 100 µl of substrate solution was added in each well of the ELISA plate. The plate was then incubated for 30 minutes at room temperature until the color reaction appeared. After establishment of positive reaction between the substrate and conjugate an orange colour developed and the reaction was stopped by adding 100 µl of stop solution with 1N H2SO4 to each well of the ELISA plate. The intensity of color development was measured by determination of OD (optical density) value using an ELISA reader (Thermo ELECTRON CORPORATION, ORIGINAL MULTISKAN EX, Japan) at 405 nm filter.
Results
Purification of reference NDV by sucrose density gradient centrifugation During purification of reference NDV virus by high speed centrifugation the sub-cellular elements were found in suspension between 45% and 50% fractions of the sucrose solution. The large virus particles were found in suspension between 40% and 45%, medium virus particles were found in suspension between 30% and 35% and the lipid and other non-viral particles were found in suspension between 15% and 25% of the sucrose solution.
HI titer of hyperimmune serum of rabbits vaccinated with purified inactivated NDV
The micro-plate HI test was conducted to determine the HI titer of hyperimmune serum samples collected from each of the two rabbits before and after vaccination with the purified NDV in this study. Sera samples of vaccinated and non-vaccinated control rabbits were tested with the serum samples collected at day 14 and day 28 after the 1 st and 2 nd vaccinations, and also with the hyperimmune serum collected at day 7 th post vaccination by microtiter HI test. The HI titer of hyperimmune serum of rabbits vaccinated with the third dose of purified inactivated NDV revealed the highest HI titer compared to the serum of first and second vaccinations, 1536±724.1, 192±90.5 and 384±181.0 respectively in this study. 
Discussion
The research work was undertaken with a view to develop and evaluate the sensitivity and specificity of a newly developed Inhouse sandwich ELISA kit for the detection of Newcastle disease viral antigen from field outbreak cases. For the development of the In-house sandwich ELISA kit, purified and concentrated NDV antigen was used. The NDV was purified using a high speed centrifugation method (Folitse et al., 1998) followed by sucrose density gradient purification (Williams et al., 1997) . As an alternate method, robotic RBC capturing was used. In sucrose density gradient centrifugation method, the purified NDV was found in suspension between the 40% and 45% fraction of the gradient solution. The result of concentration of purified virus particles of this study closely agrees with the findings of Saha et al. (1998) and JianMing et al. (2008) . For further confirmation of the presence of NDV, the purified and concentrated NDV was tested by AGIDT. Hyperimmune serum preparation was done by inoculating inactivated purified NDV into rabbits with three consecutive injections at day 0, 14 and 28 respectively. Antibody level of hyperimmune serum raised in rabbits was determined by HIT. The last vaccination of rabbit with inactivated adjuvanted ND vaccines induced better immune response (higher HI titer) than the immune response of primary and secondary vaccinations. The serum antibody titre of the present findings supports the findings of Gosh et al. (2003) .
Precipitating antibody levels of hyperimmune serum raised in rabbits vaccinated thrice with inactivated adjuvanted ND vaccine were determined by AGIDT. The result of the AGIDT in the present study revealed that a clear distinct white band of precipitation due to type-specific antigen and antibody reaction of NDV appeared on the 1% agarose gel. The serum of rabbits collected before vaccination as control serum failed to show any band. The hyperimmune serum raised in rabbits after each vaccination revealed very clear and distinct bands.
The present study clearly indicated that band of precipitations reaction appeared in those cases where the antibody was specific to the antigen whereas absence of the band indicated that the antibody was not present against type specific antigen to the supplied serum samples of non-vaccinated rabbits. Similar types of findings were also reported by Saha et al. (1998) and Gosh et al. (2003) . ) of hyperimmune serum raised in rabbits. The serum dilution 10 -3 showed suitability for the development of the sandwich ELISA kit to bind the concentration of viral antigens present in the tested samples.
The cut-off value of the ELISA system is determined by using 18 negative control samples from two control birds. The cut-off value of the present ELISA system is calculated as 0.855. If the titer of tested samples with the newly developed In-house sandwich ELISA kit is greater than 0.855, it indicates a positive result of tested samples. Less than 0.855 indicates a negative result of tested samples.
Sensitivity of the newly developed In-house sandwich ELISA kit was done by adding different dilutions (10 ) of the known reference ND viruses to the plate which was coated with a 10 -3 dilution of hyperimmune serum of rabbits. The virus dilution 10 -4 appeared to be the highest dilution with capacity to bind the coated antibody of the ELISA plate. This indicated that ND viruses absent in the dilution above 10 -4 failed to bind with the specific antibody coated ELISA plate. The sensitivity of the newly developed In-house sandwich ELISA revealed that the ND suspect samples were negative in direct slide haemagglutination (HA) test; not gave positive results in the newly developed Inhouse sandwich ELISA kit. The newly developed In-house sandwich ELISA kit can measure a minimum of 1 HA unit of ND virus present in the tested samples. This finding supports the results of Hu et al. (2002) .
Specificity of the newly developed In-house sandwich ELISA kit was performed by adding various dilutions of two different known viruses like NDV and IBDV. The viruses were diluted from 10 -1 to10 -4 for the newly developed In-house sandwich ELISA kit which was coated with 10 -3 dilution of hyperimmune serum raised in rabbits. The ND virus was found to bind with the coated antibody instead of IBDV in the plate which revealed the high specificity of the newly developed In-house sandwich ELISA kit for NDV. Specificity of viral antigen binding properties of the polyclonal serum of rabbit raised against NDV in this study support the findings reported by Fengying et al. (2008) .
The development of the In-house sandwich ELISA kit for the detection of Newcastle disease virus is new in Bangladesh. This study has created the opportunity to study the serological investigations of ND virus which is one of the most important viral diseases of poultry now prevalent in Bangladesh. This will ultimately helps to take special measure to control and prevent the frequent outbreak of ND among the poultry population of Bangladesh.
All the samples of sick or dead birds either from natural or experimental infection were tested to detect the NDV antigen using the newly developed sandwich ELISA kit. Results of the present study clearly indicated that the newly developed sandwich ELISA kit which was used for the detection of NDV was a highly sensitive, specific, rapid, and economic tool compared to the technique of virus isolation and other conventional serological tests for the detection of NDV both from the clinical and post-mortem samples, although the virus is present in very minimum concentrations in the field samples. Among the clinical samples, higher rate of NDV detection by the newly developed In-house sandwich ELISA kit was noticed from faeces (100%) followed by oro-nasal swab (95.50%). In the case of post-mortem samples higher rates of NDV detection by the newly developed In-house sandwich ELISA kit was noticed from brain (100%) followed by colon (94.12%). Higher rates of NDV detection from faeces in this study might be the maximum release of the free virus in faeces during the course of infection as well as in case of brain, a higher rate of NDV is found which might be due to the site of its predilection. On the other hand, clinical samples revealed relatively lower rates of virus detection in oronasal swabs which might be due to the lower number of virus particles in discharge at the time of collection or failure to maintain cold chain parameters during transportation of the samples to the laboratory.
The goal of the development of an In-house sandwich ELISA kit is to achieve a simpler, more reliable, sensitive, specific, economic, rapid serological test, that is combined with maximum operator safety.
Conclusion
Commercially available sandwich ELISA kits which are just for the detection of serum antibody are highly expensive. To import these types of kits for the detection of anti NDV antibody in the serum of vaccinated birds in Bangladesh will require 45,000 BDT for 450 samples only. The newly developed sandwich ELISA kit is economically feasible and requires less than 500 BDT for 450 samples. The In-house Sandwich ELISA kit is designed for the detection of viral antigens from field samples and is cheaper than other commercially available sandwich ELISA kits. It is hoped the farmers will used the kit for rapid diagnoses of a large number of ND suspected samples at the farm level. The Government of the People's Republic of Bangladesh and a number of semi-government and non-government organizations can easily earn foreign currency by marketing and exporting this newly developed In-house sandwich ELISA kit designed for NDV after fulfilling the demand for this country.
